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Pre face  

It w a s  mutua l ly  agreed between myself and D r .  Richard B r i l l ,  i n  

charge of exper imenta l  i n v e s t i g a t i o n s  a t  t h e  Kewalo Research F a c i l i t y ,  

t h a t  t h e  o r i g i n a l  o b j e c t i v e s  of t h i s  study program should be modified t o  

inc lude  and emphasize t h e  development of techniques  t o  produce, on demand, 

f i s h  l a r v a e  of a non-tuna spec ie s .  

t o  feed  t o  tuna l a r v a e  as p a r t  of t h e  ongoing program t o  rear young tuna  

i n  c a p t i v i t y  a t  t h e  Kewalo Research F a c i l i t y .  

two aspects: (1) exper imenta l  de te rmina t ion  of optimum tempera tures  and 

upper and lower median thermal t o l e r a n c e  l i m i t s  f o r  embryos and p r o l a r v a e  

of s k i p j a c k  tuna; and (2 )  i n v e s t i g a t i o n  of a p o s s i b l e  mechanism f o r  

Such l a r v a e  could then be a v a i l a b l e  

The o r i g i n a l  s tudy  included 

s t ress - induced  spawning" of s k i p j a c k  tuna.  In t h e  r e v i s e d  s tudy  program, II 

e f f o r t s  t o  induce spawning of a non-tuna s p e c i e s  rep laced  t h e  proposed 

work on s t ress - induced  spawning and was ass igned  primary emphasis. The 

experiments on tempera ture  r e l a t i o n s  of embryos and p ro la rvae  w e r e  t o  

be r e t a i n e d  but given secondary p r i o r i t y .  

The exper imenta l  appa ra tus  f o r  main ta in ing  embryos and p ro la rvae  

a t  s i x  d i f f e r e n t  tempera tures  was se t  up and i t s  func t ion ing  t e s t e d  and 

confirmed ready  f o r  i n i t i a t i o n  of these i n v e s t i g a t i o n s .  However, t h i s  

p a r t  of t h e  study d i d  not progres s  beyond t h i s .  The Kewalo Research 

F a c i l i t y  w a s  n o t  a b l e  t o  a c q u i r e  l i v e  a d u l t  tuna  t o  spawn and produce t h e  

f e r t i l i z e d  eggs t o  commence t h e s e  experiments,  w i t h i n  t h e  30-day con t r ac t ed  

per iod  or w i t h i n  a n  a d d i t i o n a l  two weeks t h a t  I made myself a v a i l a b l e .  

The fo l lowing  r e p o r t ,  t h e r e f o r e ,  w i l l  i nc lude  only  t h e  work on 

induced spawning of a non-tuna species, t h e  rnanini o r  conv ic t  surgeonf i s h .  
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Providing Larval F i s h  as  Food for  Larvae of Tuna: 

Induced Spawning of Manini, or  Convict Surgeonfish (Acanthurus 

t r i o s t e g u s  sandv icens i s ) .  

I n v e s t i g a t i o n s  on 

The purpose of 

a r t i f i c i a l l y  induce 

In t roduc t ion  

t h i s  s tudy  was t o  a t t e m p t  t o  develop techniques t o  

spawning of manini a t  t h e  Kewalo Research F a c i l i t y  

and thereby t o  provide,  on demand, f i s h  l a r v a e  as food f o r  

tuna being r ea red  i n  c a p t i v i t y .  Larvae of t h e s e  tuna have 

and r ea red  a t  t h e  Kewalo Research F a c i l i t y  up t o  an age of 

young s k i p j a c k  

been hatched ou t  

two weeks 

posthatch.  However, l a r v a e  from one ba tch  of eggs s e n t  t o  t h e  L a  J o l l a  

Laboratory were rea red  beyond two weeks and one specimen l i v e d  f o r  35 

days be fo re  dying of a c c i d e n t a l  causes .  Although t h e  reasons  f o r  t h i s  

d i f f e r e n c e  i n  s u r v i v a l  have n o t  been determined, i t  is  suspected t h a t  

an important  f a c t o r  w a s  t h e  feeding  of f i s h  larvae ( h a l i b u t )  t o  t h e  

sk ip j ack  l a r v a e  r ea red  a t  La J o l l a .  

fed  t h e  s a m e  species of c u l t u r e d  r o t i f e r s  and copepods t o  t h e  tuna  

larvae, but  f i s h  l a r v a e  of t h e  a p p r o p r i a t e  s i z e  f o r  t h i s  purpose have 

n o t  been a v a i l a b l e  a t  t h e  Kewalo Research F a c i l i t y .  

I n v e s t i g a t o r s  at: both l a b o r a t o r i e s  

Nanini were s e l e c t e d  f o r  t h i s  s tudy f o r  several reasons.  One i s  

t h a t  they  are very  e a s i l y  maintained i n  t h e  l a r g e  holding t anks  a t  t h i s  

l abora to ry ,  where they  are kept  t o  h e l p  c o n t r o l  growths of a l g a e  on t h e  

w a l l s  and f l o o r s  of t h e s e  tanks.  Another i s  t h a t  they  are known t o  mature 

sexua l ly  i n  c a p t i v i t y  and have been occas iona l ly  observed t o  spawn 

n a t u r a l l y  in t h e s e  tanks. F i n a l l y ,  t h e  obse rva t ions  of Randall  (1961) 

i n d i c a t e  t h a t  t h e  larvae are s m a l l  enough (yolk-sac l a r v a e  1 . 7  mm in t o t a l  

l eng th )  t o  be inges ted  by s k i p j a c k  tuna  l a r v a e  less than  t w o  weeks of age. 
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Met hods 

Specimens f o r  t h e s e  s t u d i e s  w e r e  a d u l t  manini maintained i n  c a p t i v i t y  

a t  t h e  Kewalo Research F a c i l i t y  f o r  long,  undetermined pe r iods  of up t o  

s e v e r a l  years .  Techniques w e r e  developed t o  i d e n t i f y  the  sexes  from 

e x t e r n a l  c h a r a c t e r i s t i c s  (as  descr ibed  i n  t h e  Resu l t s  s e c t i o n ) .  For 

1 
each of two experiments ,  one male and two females were i s o l a t e d  i n  a 

c i r c u l a r  experimental  t ank  4 f t  ( 1 . 2 3  m) i n  diameter  and 18 inches  (45 .7  

I 
I cm) i n  depth.  Because the  males could be s t r ipped  of m i l t  be fore  being 

placed i n t o  t h e  experimental  tank, they were n o t  t r e a t e d  wi th  hormones. 

I Females r ece ived  vary ing  dosages of human chor ion ic  gonadotropin (HCG) 

a lone ,  o r  HCG and powdered salmon p i t u i t a r i e s  d i s so lved  o r  suspended i n  

1.12 N a C l  s o l u t i o n .  I n j e c t i o n  volumes were 0.1 or 0.2 m l ,  depending on 

dosage l eve l .  Treatments  are summarized i n  Table 1. Each female w a s  

i n j e c t e d  twice ,  t h e  f i r s t  t i m e  a t  9 : 3 0  t o  10:30 a m  and t h e  second 24 hours  

l a t e r .  A fine-meshed n e t  w a s  placed over t h e  outf low from t h e  experimental  

t ank  t o  d e t e c t  any release of ova by t h e  t r e a t e d  females.  Specimens 

were 180 t o  209 mm i n  f o r k  l e n g t h  and 176 t o  229 g in  weight. The exper i -  

mental t a n k  rece ived  cont inuous  f low of seawater and temperatures  i n  t h e  

tank  ranged from about 25 t o  28 C. 

A t  va ry ing  i n t e r v a l s  fo l lowing  t h e  second i n j e c t i o n ,  as descr ibed  i n  

t h e  Resu l t s  s e c t i o n ,  females  were t e s t e d  f o r  ovu la t ion  by a p p l i c a t i o n  of 

s t r i p p i n g  p res su re  t o  t h e  abdomen. I f  r i p e  ova w e r e  produced, they  w e r e  

s t r i p p e d  i n t o  a g l a s s  bowl and f e r t i l i z e d  by s t r i p p i n g  m i l t  from t h e  male 

present  i n  t h e  tank.  

and the  eggs and m i l t  g e n t l y  s t i r r e d  i n  t h e  r e c e p t a c l e  for 3 t o  5 minutes .  

F e r t i l i z a t i o n  w a s  t hus  e f f e c t e d  by t h e  "dry method" 

In  both experiments  1 and 2 ,  t h e  eggs were placed i n  3-liter beakers  
I 

1 

f i l l e d  w i t h  f i l t e r e d  seawater and provided wi th  a e r a t i o n .  I n  t h e  second 
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experiment,  most of t h e  eggs were t r a n s f e r e d  t o  1 6 - l i t e r  p l a s t i c  buckets  

f i l l e d  wi th  f i l t e r e d  seawater and ae ra t ed .  Also i n  t he  second experiment,  

1000 advanced embryos were t r a n s f e r e d  t o  a 1 0 0 - l i t e r  c u l t u r e  tank  provided 

w i t h  f i l t e r e d  seawater, a e r a t e d ,  and inocula ted  wi th  4 l i ters  each of 

two c u l t u r e d  a lgae ,  Tetraselmis s p .  and I s o c h r i s i s  sp.  Af te r  ha tch ing  

of t h e  l a r v a e ,  cu l tu red  r o t i f e r s ,  Brachionus p l i c a t i l i s  were a l s o  i n t r o -  

duced i n t o  t h e  c u l t u r e  tank and t h e s e  r a p i d l y  increased  i n t o  a dense 

populat ion by t h e  t h i r d  day posthatoh.  S t a r t i n g  on t h e  t h i r d  day post-  

hatch,  40% ( 4 0  l i t e rs )  of t h e  water volume was rep laced  with f r e s h ,  

f i l t e r e d  seawater. D a i l y  a d d i t i o n s  of 4 l i t e rs  of each of t h e  cu l tu red  

a l g a e  were a l s o  added t o  r e p l e n i s h  comsumption by t h e  r o t i f e r s .  

Resu l t s  

I n  manini,  s exes  can be  d i s t ingu i shed  by examination of t h e  v e n t r a l  

s l i t  i n  which t h e  anus,  g e n i t a l  pore and u r i n a r y  pore are loca ted .  In  

males t h i s  s l i t  is narrower and t h e  u r o g e n i t a l  area o f t e n  cannot be seen  

u n l e s s  p re s su re  is  app l i ed  to t h e  abdomen t o  produce s l i g h t  p ro t rus ion  

of t h i s  area. The v e n t r a l  slit  is  wider i n  females  and t h e  u r o g e n i t a l  

area can be seen more r e a d i l y .  Also, t h e r e  i s  a t r a n s v e r s e  f o l d  r e a d i l y  

v i s i b l e  between t h e  anus and t h e  g e n i t a l  area of females,  bu t  no t  of males. 

A h  females  approach spawning condi t ion  t h e  g e n i t a l  area becomes swollen 

and expands t h e  width of t h e  v e n t r a l  s l i t .  Ripe males w i l l  y i e ld  m i l t  i n  

response t o  l i g h t  t o  moderate s t r i p p i n g  p res su re ,  making them p a r t i c u l a r l y  

easy t o  i d e n t i f y  du r ing  t h e  breeding season. 

Responses of t h e  females  t o  hormone t rea tments  are summarized i n  Table  

1. Ovulation w a s  induced i n  t h r e e  of t h e  four t r e a t e d  females ,  bo th  f i s h  

of Experiment 1 and one of t h e  two i n  Experiment 2 .  Subsequent d i s s e c t i o n  

of t h e  s i n g l e  unresponsive female ind ica t ed  t h a t  i t s  o v a r i e s  were immature, 
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I 

con ta in ing  only  small ova up t o  about  .06 t o  .07 mm i n  diameter .  Combinations 

of HCG and salmon p i t u i t a r i e s  o r  HCG a lone  were e f f e c t i v e  i n  s t i m u l a t i n g  

ovu la t ion .  The g r e a t e s t  response w a s  from t h e  female t r e a t e d  wi th  t h e  

h ighes t  dosage of HCG, used a lone  without  salmon p i t u i t a r i e s  (Female 2A). 

None of t h e  t h r e e  respons ive  females  r e l eased  ova a x t e r n a l l y  and 

ovu la t ion  w a s  confirmed by manually s t r i p p i n g  ova from each. In  t h e  

f i r s t  experiment t h e  t r e a t e d  f i s h  were l e f t  undis turbed fo l lowing  each 

i n j e c t i o n  i n  o rde r  t o  provide  t h e  oppor tuni ty  f o r  them t o  spawn wi th  t h e  

male p resen t  i n  t h e  tank.  When t h i s  d id  not  occur ,  both females  were 

t e s t e d  w i t h  s t r i p F i n g  p res su re  app l i ed  25 hours  a f t e r  t h e  second i n j e c t i o n s .  

Ovulat ion w a s  confirmed by t h e  release of r i p e  ova from each. 

second experiment t h e  females  were t e s t e d  wi th  s t r i p p i n g  p res su re  app l i ed  

4 ,  8, 10, and 12 hours  fo l lowing  t h e  second i n j e c t i o n s .  One female,  as 

previous ly  mentioned, d i d  n o t  ovu la t e .  The o t h e r  female d id  no t  y i e l d  

ova a f t e r  4 hours  p o s t i n j e c t i o n  bu t  r e l eased  an qst imated 49,500 a f t e r  

8 hours  and an es t imated  33,250 a f t e r  10  hours p o s t i n j e c t i o n .  

small number of ova were r e l e a s e d  a f t e r  1 2  hours  p o s t i n j e c t i o n  and t h i s  

p a r t  of t h e  experiment w a s  terminated a t  t h a t  t i m e .  

I n  t h e  

Only a 

Ova s t r i p p e d  from t h e  respons ive  females i n  each experiment were 

f e r t i l i z e d  w i t h  m i l t  s t r i p p e d  

tank. With t h e  ova from t h e  f i r s t  experiment,  s t r i p p e d  from t h e  two 

females  about  25 hours  fo l lowing  t h e  second i n j e c t i o n s ,  t h e r e  was no 

evidence of s u c c e s s f u l  f e r t i l i z a t i o n  and no embryonic development 

observed. With t h e  ova from t h e  second experiment,  i n i t i a l  f e r t i l i z a t i o n  

rates were n o t  determined but  a f t e r  1 9  t o  2 3  hours ,  about  23% of t h e  ova 

s t r i p p e d  o u t  after 8 hours  and about 40% of t h e  ova s t r i p p e d  out  a f t e r  

10 hours  fo l lowing  t h e  second i n j e c t i o n  were undergoing advanced embryonic 

development. 

from the m a l e  p re sen t  i n  t h e  experimental  
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Table 1. 

human chor ion ic  gonadotropin (HCG), o r  HCG and powdered salmon 

Responses of female manini t o  two d a i l y  i n j e c t i o n s  of 

p i t u i t a r i e s  (SP).  

Spec. N o .  1st 1 I n j e c t i o n  2nd I n j e c t i o n  

Experiment 1 

1 A  100 IU HCG 100 I U  HCG + 
1.0 mg SP 

1 B  100 I U  HCG 100 IU HCG + 
1.0 mg SP 

Experiment 2 

2 A  200 IU HCG 500 I U  HCG 

2B 300 IU HCG 600 IU HCG -t 
20 mg SP 

Response 

Estimated 16,000 ova 
s t r i p p e d  about 25 hours  
a f t e r  second i n j e c t i o n  

Estimated 1,700 ova 
s t r i p p e d  about 25 hours  
after second i n j e c t i o n  

Estimated t o t a l  of 
83,000 ova s t r i p p e d  i n  
t w o  ba t ches ,  8 and 10 
hours  a f t e r  second 
i n  j ect ion  

no ovu la t ion ,  female 
wi th  immature o v a r i e s  

Embryonic and e a r l y  l a r v a l  development followed t h e  p a t t e r n  and 

approximate temporal sequence descr ibed  by Randall  (1961). Ripe eggs 

w e r e  about  .65 t o  .70 mm i n  diameter  and those  f e r t i l i z e d  were s l i g h t l y  

bouyant and f l o a t e d  in unag i t a t ed  seawater. Nonviable eggs e i t h e r  sank 

o r  a l s o  f l o a t e d .  At incubat ion  temperatures  of about  24.5 t o  28 C y  t h e  

f i r s t  c leavage  d i v i s i o n s  were evident  by one hour a f t e r  f e r t i l i z a t i o n .  

T h e  l a r v a e  hatched o u t  dur ing  t h e  second n i g h t .  T i m e s  of hatching were 

n o t  observed, bu t  Randal l  (1961) r epor t ed  t h a t  manini l a r v a e  hatched ou t  

about 26 hours  a f t e r  f e r t i l i z a t i o n  a t  incubat ion  temperature  of about 

24 C. The number of l a r v a e  hatched out  w a s  es t imated  t o  be about 

17,000 n o t  i nc lud ing  those  i n  t h e  c u l t u r e  tank. 
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The larvae i n  t h e  two 1 6 - l i t e r  p l a s t i c  buckets  were not  fed .  Their  

s u r v i v a l  appeared very  good u n t i l  t h e  t h i r d  day, when l a r g e  numbers 

appeared t o  by dying by midafternoon. 

reduced by t h e  f o u r t h  day and f 'ew could be found on t h e  f i f t h  day 

a f t e r  ha t ch ing  . 

Numbers of l a r v a e  were g r e a t l y  

The larvae i n  t h e  100-liter c u l t u r e  tank  s t a r t e d  f eed ing  on t h e  

t h i r d  day a f t e r  ha tch ing .  

i n  t h e i r  d i g e s t i v e  t racts  and they  appeared hea l thy  and a c t i v e  at t h i s  

t i m e .  This  same p a t t e r n  continued through t h e  f o u r t h  day pos tha tch ,  

but numbers of larvae i n  t h e  c u l t u r e  were cons idereably  diminished by 

t h e  morning of t h e  f i f t h  day. On t h e  s i x t h  day, t h e  remaining larvae 

w e r e  obvious ly  dying, no longer  swimming a c t i v e l y  but  i n s t ead  mostly 

d r i f t i n g  

t h e  seventh  day pos tha tch ,  l i v e  l a r v a e  could no longer  be found. Larvae 

fed on a l g a e  from t h e  t h i r d  through t h e  s i x t h  day,  bu t  I could no t  see 

any r o t i f e r s  i n  t h e i r  d i g e s t i v e  t rac t s  d e s p i t e  t h e  h igh  d e n s i t i e s  of 

both a d u l t  and immature Brachionus i n  t h e  c u l t u r e  tank.  

Clumps of a l g a l  c e l l s  were c l e a r l y  v i s i b l e  

pas s ive ly  wi th  c u r r e n t s  induced by a e r a t i o n  of t h e  tank.  On 

Discussion 

The r e s u l t s  i n d i c a t e  t h a t  HCG used a lone  is  an  e f f e c t i v e  ovu la t ing  

agent  f o r  manini. This  is advantageous s i n c e  HCG is r e a d i l y  a v a i l a b l e ,  

easy  t o  work wi th ,  and r e l a t i v e l y  inexpensive.  The much greater redpdnse 

by female 2A than  by e i t h e r  females  1 A  o r  1 B  sugges t s  that  t h e  h igher  

dosages of HCG adminis te red  t o  t h e  former were a more e f f e c t i v e  t rea tment .  

However, t h i s  is  a t e n t a t i v e  conclusion based on responses  by only  t h r e e  

specimens. Fur ther  experimentat ion w a s  made i m p r a c t i c a l  by t h e  a c c i d e n t a l  

dea ths ,  a s s o c i a t e d  wi th  an electrical power f a i l u r e ,  of 1 4  of t h e  24 
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a d u l t  specimens remaining a f t e r  t h e  second experiment. S ince  t h e  

t rea tment  adminis tered t o  female 2A was h igh ly  e f f e c t i v e  i n  producing 

v i a b l e , f e r t i l i z a b l e  ova, i t  w a s  decided t h a t  t h e  su rv iv ing  a d u l t  

specimens should be saved t o  produce manini l a r v a e  f o r  t h e  tuna l a r v a l  

r e a r i n g  t r ia ls .  

The complete i n f e r t i l i t y  of t h e  ova s t r i p p e d  from females  1 A  and 1 B  

25 hours  fo l lowing  the  second d a i l y  i n j e c t i o n ,  and the  d i f f e r e n c e  in 

f e r t i l i t y  between t h e  two ba tches  of ova s t r i p p e d  from female 2 A  i n d i c a t e  

t h a t  v i a b i l i t y  of  t he  eggs dec reases  r a p i d l y  fol lowing ovu la t ion .  With 

female ZA, it  w a s  apparent  t h a t  l a r g e  numbers of ova had been ovula ted  

by 8 hours fo l lowing  t h e  second i n j e c t i o n .  It i s  l i k e l y  t h a t  many of 

t h e  ova s t r i p p e d  ou t  a t  t h i s  time had been ovula ted  more than  a n  hour 

earlier. It a l s o  appeared t h a t  ovula t ion  w a s  s t i l l  cont inuing  when 

t h e  female w a s  s t r i p p e d  a t  8 hours ,  and t h a t  t hose  s t r i p p e d  out  two 

hours  l a te r ,  a t  10 hours  p o s t i n j e c t i o n ,  t h e r e f o r e  contained a h ighe r  

propor t ion  of r e c e n t l y  ovulated eggs. This  could have produced t h e  

d i f f e r e n c e  i n  f e r t i l i t y  (23% vs.  40% of eggs producing advanced embryos). 

Although t h e  larvae which were fed  l i v e d  f o r  two t o  t h r e e  days longer  

than those  not  o f f e red  any food,  it is  not  known t o  what e x t e n t  t h e  

inges t ion  of a l g a e ,  bu t  seemingly not  of r o t i f e r s ,  a c t u a l l y  con t r ibu ted  

t o  t h e  longer  s u r v i v a l .  Other f a c t o r s ,  such as t h e  h igher  d e n s i t i e s  

of larvae i n  t h e  buckets  than  i n  t h e  c u l t u r e  tank,  d a i l y  replacement of 

40% of t h e  water i n  t h e  c u l t u r e  tank  but  no water replacement i n  t h e  

buckets ,  and t h e  p o s s i b l e  e f f e c t  of t h e  a l g a e  on w a t e r  q u a l i t y  i n  t h e  

c u l t u r e  tank,  may have con t r ibu ted  t o  t h e  d i f f e r e n c e  i n  s u r v i v a l  time. 

Of t h e  1 4  manini k i l l e d  dur ing  t h e  e l e c t r i c a l  power f a i l u r e ,  8 w e r e  

females. Of these ,  t h r e e  had immature o v a r i e s  wi th  l a r g e s t  ova 0.10 t o  
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0.12 mm i n  d iameter .  The o t h e r  f i v e  females  had maturing o v a r i e s  w i t h  

l a r g e s t  ova measuring about 0.38 t o  0.42 mm i n  diameter .  

of t h e  l a t t e r  almost c e r t a i n l y  represented  t h e  s t a r t i n g  cond i t ion  of 

t h e  o v a r i e s  of t h e  t h r e e  females which d id  respond t o  hormone t reatments .  

The o v a r i e s  of t h e  s i n g l e  unresponsive female were similar t o  those  of 

t h e  t h r e e  a c c i d e n t a l l y  k i l l e d  females  wi th  immature ova r i e s .  Randall  

(1961) found t h a t  t h e  l a r g e s t  ova in  mature female manini caught i n  

H a w a i i a n  waters du r ing  t h e i r  breeding season ( e a r l y  December t o  l a t e  

J u l y  i n  h i s  s tudy)  have modal d iameters  of 0.35 t o  0.42 mm. H e  found 

l a r g e r  ova on ly  i n  running r i p e  females and concluded t h a t  r i pen ing  

eggs increase r a p i d l y  i n  s i z e  j u s t  be fo re  spawning. The propor t ion  of 

The o v a r i e s  

mature females  found by Randall  ( 4 6  out  of 54 examined) and among t h e  

c a p t i v e  specimens i n  t h i s  s tudy  (8 of 12 ,  inc luding  both those  a c c i d e n t a l l y  

k i l l e d  and t h e  experimental  specimens), i n d i c a t e  t h a t  females respons ive  

t o  hormone-induced spawnings should be  r e a d i l y  a v a i l a b l e  du r ing  t h e  

breeding season i n  e i t h e r  wild or  c a p t i v e  populat ions.  The use  of two 

o r  more females  i n  a given spawning a t tempt  should make it h ighly  probable  

t h a t  a t  least one w i l l  be  s u f f i c i e n t l y  developed t o  respond. 

Conclusions and Recommendat i ons  

Manini appear t o  r ep resen t  a very  promising p o t e n t i a l  source  of l a r v a l  

f i s h  as food f o r  larval  tuna.  

e a s i l y  and i n  apparent  good h e a l t h  i n  t h e  l a r g e  holding t anks  a t  t h e  

Kewalo Research F a c i l i t y .  

o c c a s i o n a l l y  spawn n a t u r a l l y  i n  t h e s e  tanks.  

J u v e n i l e s  and a d u l t s  are maintained very 

The c a p t i v e  a d u l t s  develop mature gonads and 

Resu l t s  of t h e  p re sen t  s tudy  i n d i c a t e  t h a t  mature a d u l t s  maintained 

i n  c a p t i v i t y  can be e a s i l y  induced t o  spawn wi th  i n j e c t i o n s  of HCG. 

hormone p repa ra t ion  i s  easy t o  adminis ter ,  r e a d i l y  a v a i l a b l e ,  and 

r e l a t i v e l y  inexpensive.  

This  

Yolk sac l a r v a e  w i l l  be a v a i l a b l e  on t h e  t h i r d  
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morning (about 72 hours)  fol lowing t h e  i n i t i a t i o n  of hormone t rea tments .  

Without any care o t h e r  than being maintained i n  s u f f i c i e n t  volume of 

a e r a t e d  seawater ,  t h e  yolk sac l a r v a e  and e a r l y  p ro la rvae  w i l l  remain 

a l i v e  and be a v a i l a b l e  as food u n t i l  t h e  t h i r d  day. 

A recommended procedure and schedule  f o r  producing manini l a r v a e  

f o r  f eed ing  t o  sk ip j ack  tuna l a r v a e  i s  presented i n  Appendix 1. The 

schedule  assumes t h a t  sk ip j ack  tuna l a r v a e  are probably a b l e  t o  s ta r t  

feeding  on f i s h  l a r v a e  of t h i s  s i z e  by about t h e i r  8 t h  t o  10 th  day 

a f t e r  ha tch ing  (T. Kazama and S .  Hendrix,  Nat iona l  Marine F i s h e r i e s  

Se rv ice ,  Honolulu Laboratory,  p e r s .  corn.) 
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Appendix 1. Suggested procedure and schedule f o r  producing manini larvae 

as  food f o r  larvae of s k i p j a c k  tuna  larvae. 

s k i p j a c k  larvae, 
p o s t h a t c h  day Manini 

5 start  
sequence 1* 

l a r v a e  
a v a i l a b l e  

II 

10 I t  

11 

12 

13  

1 4  

15 

1 6  

start  
sequence 2 

start 
sequence 3 

l a r v a e  i 
a v a i l a b l e  

11 

11 

I I  

start 
sequence 4 

larvae 
a v a i l a b l e  

11 

larvae 
ava i l a b  1 e 

I t  

I 1  

* Each manini sequence w i t h  t h e  fo l lowing  schedule:  

9:00 t o  9:30 am, inject each of two o r  more 
with 200 I U  HCG, in t ramuscular ,  i n  0 .1  m l  s a l i n e  s o l u t i o n  

f i r s t  day: females 

(200 I U / O . l  m l )  

second day: 9:00 t o  9:30 am,  i n j e c t  each female wi th  500 IU HCG i n  
0.25 m l  (same prepa ra t ion  as previous  day, kept  r e f r i g e r a t e d )  

s t a r t i n g  a t  3 : O O  pm ( s i x  hours p o s t i n j e c t i o n )  and r e p e a t i n g  
a t  one o r  two hour i n t e r v a l s ,  a t tempt  t o  s t r i p  ova from 
each female. F e r t i l i z e  and start incubat ion  of each b a t c h  
of eggs. 
u n t i l  l a c k  of response  ev iden t .  

Continue u n t i l  r i p e  eggs no longer  produced, o r  

‘ t h i r d  day: f e r t i l i z e d  eggs i n  incuba t ion  

f o u r t h  day: e a r l y  morning, yolk sac larvae a v a i l a b l e  t o  i n i t i a t e  feeding  
t o  s k i p j a c k  larvae 




